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Chitosanases (Csn) are enzymes that catalyse the hydrolysis of -1,4 glycosidic
bond of chitosan. One of the most important applications of chitosanases is for the
bioconversion of chitosan into chitooligosaccharides (COS), which have various
applications in medical, agricultural, orfood industries. The objectives of this study
were to clone, express, purify, and  characterize the recombinant chitosanase from
Bacillus subtilis 168. Two forms of recombinant chitosanase (Csn) were constructed
by PCR-based cloning into pMY202 expression vector and overexpressed in Escherichia
coli (E. coli) to compare the secretion efficiency and specific activity. For the first
construct (CsnOmpApMY202), the native signal peptide of B. subtilis Csn was
replaced with that of E. coli OmpA signal peptide by sub-cloning the DNA inserts
into HindIIl and BglII sites of the expression vector (OmpA-Csn). For the second
construct (CsnNativepMY202), the native signal peptide was retained by sub-cloning
the entire gene of B. subtilis Csn into Ndel and BgIII sites of pMY202 vector (Native-
Csn). Both of the recombinant Csn constructs were fused with C-terminal deca-
histidine tag to facilitate one-step affinity purification using immobilized metal
affinity chromatography (IMAC). The gene was overexpressed in E. coli TOP10

under the control of tac promoter. The specific activities of both recombinant
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enzymes in three different compartments, i.e., cytoplasm, periplasmic space, and
culture broth were analyzed. Our result demonstrated that the yield and specificity of
the recombinant OmpA-Csn were higher than those of Native-Csn in all three
compartments. Most importantly, at 20 h after induction, the amount of OmpA-Csn
that was secreted into the culture broth was approximately 5-fold higher than that
obtained from Native-Csn. Therefore, the construct CsnOmpApMY202 was used for
the subsequent experiments. The enzyme was overexpressed by induction with 0.1
mM IPTG, and purified to homogeneity by Ni-NTA affinity column chromatography,
and characterized. A total activity of approximately 45,000 U from culture supernatant
and 12,000 U from cell lysate (periplasmic and cytosol) could be obtained from 1-L
shake flask cultures. The specific activity of the purified enzyme when using low MW
chitosan as substrate was 904.8 units/mg. The optimal pH of the enzyme was between
pH 5.0-6.0, whereas the optimal temperature was between 40-50 °C. The recombinant
Csn was stable within pH 2-11 after incubation for 3 hr, and within pH 2-9 after
incubation for 24 hr, at 30°C. In an absence of substrate, the enzyme was stable up to
40°C for 30 min, and completely inactivated at 50°C. However in the presence of
substrates, the enzyme was thermostable with a half-life time of activity (t1/2) of
approximately 19 hr at 50°C and pH 5.5. Analysis of hydrolytic products by thin layer
chromatography (TLC) revealed that the recombinant B. subtilis chitosanase is an
endo-chitosanase that prefers substrate longer than G3. Analysis of hydrolytic
products using various types of chitosan by thin layer chromatography indicated that
the enzyme could be used efficiently for the production of various lengths of
chitooligosaccharides, ranging from dimer to hexamer (G2-G6). In conclusion, this

research reports an efficient E. coli expression system for the expression, secretion,
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and purification of a relatively thermo- and pH stable chitosanase from B. subtilis,

suitable for various biotechnological applications.
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